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.TECHNICALNOTE2586
FUNDAMENTALEFFECTSOFCOLD-WORKONSOME
COIYLT-CHROlflIIM-NICKEL-IRONBASE
CREEP-RESISTANTLLOYS
ByD. N. Frey,J.W. Freeman,andA. E.White
Theinfluenceofcold-workingonthecreeppropertiesofan alloy
containing20percentcobalt,20‘percentchromium,20percentnickel,
andthebalanceironandonthesamealloymcxiifiedby smalladditions
oftungstenaloneortungsten,molylxlenum,andcolumbiumincombination
. wasstudied.Itwasconcludedthattheeffectsofcold-workingon tree’p
resistancew rethesameforallthealloysstudied.Thiswasfromthe
standpointofthetemperatu~rangeoverwhichcold-workingcouldbe
expectedtobebeneficial(temperaturesup to 1600°F) andalsothe
maximumamountofcold-workingwhichcouldbe usedto improvecreep
propertiesatabout1200°F (between15and40percent).Theseconclu-
sionswerereachedinpartby studyingthecreeppropertiesandalsoin
partby studyinginternalstressrelaxationat thetesttemperatures
whichprevious~rk hadshowntobe thecontrollingfactorinthe
responseofsuchalloysto cold-working.
INTRODUCTION
Thisreportisthefifthofa seriesconcernedwiththefundamental
factorsinfluencingthecreeppropertiesofcreep-resistantlloysfor
usein.aircraftpropulsionsystems.Previousarticleshavedealtwith
theinfluenceof chemicalcomposition,precipitation,andcold-working
onhigh-temperaturep opertiesofsuchalloys(seereferences1, 2,3,
and4).
Oneof’theprevious‘investigations(seereference1)showedfairly
conclusively.thattheimprovementin creep‘propertiestobehadby cold-
workinglow-carbonN-155alloywastheresultoftheintroductionf
internalstresses- suchstressesactingtobroadenX-raydiffraction
lines.Furtheritwasfoundthatincreasingdegreesofcoldreduction
resultedinimprovedcreepresistanceup tothatamountwhichcaused.
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significantX-raylinesharpening,whichisinterpretedas internal
stressre_tionl, to occuratthecreeptesttemperature.Fromthis
itwasalsoreasonableto expecthatthemaximumtemperatureatwhich
cold-workingcanbe expectedto improvecreepresistancewillbe the
maximumtemperatureat whichappreciableinternalstresses(X-rayline
breadths)areretaineduringtestorservice.It alsoleadstoa
redefinitionf“cold-working”asworkingatanytemperatureforwhich
no appreciableinternalstressrelaxationoccursduringtheworking
operationorduringthecooldownaftersuchworking.Thetempemture
dependenceoftheinfluenceof“cold-working”on creepresistanceWW3
checkedandfoundtoagreewiththisview.-
Oneunsmweredquestionwhichimmediatelypresenteditselfwashow
theresponseto cold-workingmi@ varyina fundamentalsensewith
chemicalcomposition.Inviewoftheforegoingresultsitappearedthat
thiscouldbe doneby studyingtheinfluenceofchemicalcomposition
thecreeppropertiesaftercold-workingandontheinternal-stress-
relaxationcharacteristics(linesharpening)- thelattertobe usedas
a fundamentalexplanationfortheformeresults.Thepurposeofthis
investi@tionthereforewastomeasuretheinfluenceofvariousminor i
additions(tungstenandtungsten,moly~enum,@ columbiumin combi-
nation)onthecreeppropertiesandonthelinesharpeningorinternal- “
stress-relaxationcharacteristicsofcold-workedausteniticalloyscon-
taining20percentcob.ilt,2(Ipercentchromium,20percentfickel,~d
thebalanceiron.Thisbaseandtheminoradditionswerechosenfortwo
reasons.First,thebaseandtheminoradditionswerefelttobe repre-
sentativeofausteniticalloysinusecommercially.Second,creepand
rupturedataonthealloys,inthesolution-treatedstate,wereavailable
whichshowedratherlargevariationinhigh-temperaturestrengthdueto
thesmallcompositiondifferences.’Itwasinitiallybellevedthatlarge
variationin creeporruptureresistancetightalsomeanvariationin
resistanceto internalstressrelaxation.
Thisinvestigationwas
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%e factorswhichmightcausediffractionlinebroadeningby cold-
workingwereexaminedandreportedinreference1. Theconclusionwas
reach~thatsuchbroadeningwasdueto-the
stresses,and,furtherj
temperatureswasdueto
the-linesharpening
internalrelaxation
.
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TESTMMERULS
Thealloysusedinthisinvestigation
inductionfurnaceheatswiththefollowing
Heat
43
86
88
91
~re allmadeas 12-pound
SmkLyses:
TChemicalcomposition(percent).,(1)
.
c Iv Mn Si Cr Ni co Mo
0.12(o.12) 1.~ 0.50 (20) (20) (20)0.09
.17 .13 ~.67 .6920:57 20.818.I“T (o)
0.19(0.12)(1.7)(0.5)(20)(20)(20)(o)
0.17(0.12)(1.7) (0.5) (20) (20) (20) (o)
92
106 I I I0.18.15(0.12)(.12)(1.7)(0.5)(1.7) (.5) (2Q) (20)(20) (20) (20) (0)(20) (0)
0.16 0.14 I. 61 0.67 21.04~8.39 22.003.03
(. 12) (.12). (1.7) ,(.5) (20) (m) (?0) (3)
n=1.89(o)$3.96(0)5.99(0)5.60(o)2.01 1.15(2) (1)
3
.,
lFiguresnotin&enthesisareby actualanalysis;figures
inparenthesisrepresentaimornominalcontents. “
Fivebasicallydifferentalloysappearabove:‘l?he.baselloy
(heats43and86),thebasealloyplus2 percentungsten(heat88),the
basealloyplus4 percentungsten(heat91),thebasealloyplus6 per-
centtungsten(heats92and106), andthebasealloyplus3 percent
molybdenum,2 percentungsten,and1 percentcolumbium(heats12
and95). Thislastalloycorrespondstothecomercialall~ lmownas
low-carbonN-155.Duplicateheatsofthesametypeappearwhereinsuf-
ficientstockwasavailablefromanyoneheatforalltheneedeil
specimens. (
Theheatswerecastas9-inch-longtapered(2-to ~-in.-squam)
big-end-upingots,with ~-inchdiameter’by2-inchtops. Forpurposes%
ofthisinvestigation,portionsoftheingotswereforgedoverthe
temperatureangeof2200°to 18500F toappro-tely 3/k-inch-square
bars(heats86,88,91,92,and95)andtoapproximately/2-inchround
bars(heats12,43,88,91,and106).Tentotwentyreheatswereused
forallingotswithreductionsoftheorderof15percentbetweenreheats.
. ... ~ .. .- _ . . . . -_.._.—__.— .—.—_.._——_ . -.. ___ -. .-— ..——-—.- —.—.— -
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.
hamner,withflat-faced
forfinishingtheround
:
Boththesquarebars(tobe usedforcold-rolling)andtheround
bars(tobe usedforcreeptestingofsolution-treatedstock)were
solution-treated1 hourat 2200°F andMater-quenched,withthesquare
barshavingbeennmchinedto exactly3/4~mchsquarebeforesolution
treatment.Thesolutiontreatmentwasusedto eliminate,to thefullest
possiblextent,prior-processinghistoryinthevariousalloysandbar
formssothatsubsequentdifferencesinbehaviorwouldbe dueto the
diffe~ncesin composition.Theefficiencyofthishi@-temperature
solutiontreatmentinremovingprior-processingvariationas a variable
hasbeenconsideredlsewhere.(seereference2).
HmmmNmu PmcEDmm
Thesolution-tre”ated3&inch-squarebarsofheats86,88,91,92,
and95describedalmve,werefirstr&duced15and@ percentincross
sectionat 800F. Thesereductionswerecarriedoutin a two-high,non-
reversingmillwith>inch rolls.Sufficientstockofallfiveheats ,.
waspreparedineachreductionto givesamplesforX-raydiffraction
analysisandcreeptestspecimens.
Thecreeppropertiesofthetwocold-rolledconditionsofheats86,
88,91,92,and95weresurveyedby creeptestingto ruptureundera
stressof40,000psiat 1200°F. Thisstresscorrespondedroughiyto
the1000-hourrupturestrengthofthestrongestalloystested.Theesti-
matederrorinthecreepratessodeterminedwast40percent.Thepro-
cedureforcarryingoutthesecreeptestswasexactlythesameasthat
cuveredinreference1. /
Inadditiontotheaboveteststhecreeppropertiesoftheas-
solution-treatedalloys(heats43,88,91,106,and12)weresurveyedat
thesamestressandtemperatureas above.Thetestspecimensforthis
weremde fromthel/2-inchroundbars.
Fortheline-sha~eningstudies,samplesofeachoftheheats,cold-
rolled15percent,werethenannealedfor1000hoursat 1200°F, 10,100,
and1000hoursat lkOOOF, and30hoursat 1600°F. Thesetimesand
tefie-tureswerechosento surveytheline-sha~eningcharacteristics
ofthevariousalloyswitha minimumoftesting.Alsosamplesofeach
oftheaboveheatscold-rolledkOpercentwereannealed100and1000hours
at1200°F. Followingthisannealing,thehalf-heightwidthofthe[220]
diffractionline(takenwithchromiumK radiationandhavinga Bragganglee
equalto67°)ofeachoftheannealedconditionsp’lustheas-rolledconditions.
r
—..— --- ..—.
—- ——- —.—-—- ..—.
NACATN 2h6 5
wasdeterminedby a procedurepreviouslydescribedinreference1. The
estimatederrordeterminationfthelinewidthsby thisprocedurewas
*1Opercent.Thisprocedureassumesthatthewidthofthe~220]lineof
theas-solution-treatedsamplesrepresentsbroadeningduetoallcauses
excepttheresidualstressesfromcold-working.Thewidthsoftherolled
androlled-and-annealedsampleswerecorrectedforthisbroadeningby
themethodofWarrenandBiscoe(seereference5). —.
RESULTSANDDISCUSSION
.
showsthevatiation,withamountofcoldreduction,ofthe
thevariousalloysunder40jO00’psiat 1200°F. lR@ure2,
crossplotofthedatashowninfigure3, showsmoreclearly
theeffectoftungstenonthecreeprateunder40,000psi
thebasealloycoldreducedO,15,andkOpercent.Also
Figure1
creeprateof
essentiallya
thanfigure3
at 1200°F of
shown,as individualpoints,aresimilardataforthealloycontaining
3 percentmolybdenum,2 percentungsten,and1 percentcolumbiumwhich
correspondsto low-carbonN-155.Figure3 showstheeffectofannealing
onthe [220]linewidthofthevariousolution-treatedalloyswhencold
reduced15percent,whilefigure4 showstheeffectofannealingat
1200°F onthe-[220]linewidthofthesamealloyscoldreduced40percent.
Figure1 indicatesthattheopthmmamountofcoldreductionas far
as creepresistanceat 1200°F isconcernedwasbetween15andhOper-
centandwasthessiueforallthealloys.Thecurveshownin figure1
aredrawnwitha minimum,althoughthedatado notcompletelyjusti~it.
HoweverjtheresultsofZschokke(seereference6) onanotheraustenitic
alloywitha greaterangeofreductionshowedanactualminimumandthus
thecurvesaredrawnas shown.
Figure2 showsthattherelativeorderofmeritofthealloysas far
as creepat ~,000psi”and1200°F isconcernedr-ins thesamewhether
theyarecold-workedornot. Therearereasonsto,suspectthattherela-
tivestrengthsofthealloysmightbedifferentatdifferentstress
levelsbut thata@n thisorderwouldbe unchangedby cold-working.The
importantpoiutthenisthatrelativeimprovementofthealloysconsidered
hereinisnotpossibleby cold-working.
Figure3 indicatesthat,withintheexperiment-alewor, the“[220]
linewidthsresultingfrom15-percentcoldreductionandaftersubsequent
annealingwerethesameforallthealloys.Particularlyimportantto
noteistheabsenceofappreciableinesha~eningat 1200°F. Allthis
canbe interpretedtomeanthat,forcoldreductions’of15percent,all
thealloysareequallystableasfsras internal.stressrelaxationis
concernedat1200°F andexhibithesametendencyforsuchstress
relaxationathighertemperatures.
.
. .—. . .—— -. ,— -—..—. .-— — . .. . ————- -.--..—- —.—--
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Figurek showsthatwithintheexperimentalerrorallthealloys,
coldreducedb percent,behavedsimilarlyinregafito linesharpening
at 1200°F. Appreciablesharpeningoccurredinallthealloys.The
basealloypossiblyunderwentslightly.morelinesharpening(internal
stressrel=tion)thantheothers,althoughthepointliesalmostwithin
theexperimentalerror,Theextentofthesharpeningat 1200°F’forall
thealloyswassuchas to reducethelinewidthto a,valuecomparable
withthatforthealloysreduced15percent(thelatter eductioneither
withorwithoutan annealat 1200°F). Thiswouldindicateonthebasis
ofa linearcorrelationbetweendiffraction-linewidthsandlogarithmof
creeprateat 1200°F foranygivencompositiona danygivenstress
(seereference1)thatthecreeppropertiesat1200°F of anyone,ofthe
alloyscoldreduced~ percentwouldbe nobetterthanthoseof thesame
alloycoldreduced15percent.Thiswasexactlywhatwasobservedinthe
creeptestingcoveredabove.Inanothersensetheresultsinfigures3
andk indicatethatforallthealloysconsideredherein,coldreductions
oftheorderof @ percentweresufficientto lowertheminimumtemper-
atureforsignificantinternalstiessrelaxationto1200°F.
Theresultshownin figures3 andk furtherindicatethatsignifi-
cantimprovementincreepresistanceoverthesolution-treatedstateby
cold-workingcanbe expectedupto temperaturesof almost1500°F. Tws
statementismadeon thebasisthatsomeinternalstressisretainedup
to sucha temperature,and,further,thattheresultsinboththis =
investigationandreference1 pointto thefactthatitis suchinternal
stresseswhichimprovethecreepproperties.
Thesimilarityofallthealloycompositionsstudiedwithreganlto
linesharpeningorinternalstressrelaxationwasunexpectedonthebasis
ofrupturetestsandsomecreeptestsonthesame IEteriEdS, (See refer-
ence2). Inthesetestsuniformandmarkedimprovementin strengthat
12000F wasfoundastheresultoftheadditionoftungstenup to6per-
centor3 percentmolybdenum,2 percentungsten,and1 percentcolumbium
in conibination.lItwasa~mmedthatimprovementincreepresistance,for
example,wouldresultinincreasedresislxuceto internalstressrelax-
ation.However,itnowappearsthattheinternal-stress-relaxation
characteristicsofsuchalloysasthoseconsideredhereinaremorea
functionofthegrosscompositionfthealloy.Significantvariation
in suchrecoverycharacteristicsas linesha~eningisknownto
withgross-compositioncha ges.
\
C!OI?CLUSIONS
Thefollowingconclusionsweredrawnfroman investietion
exist
of the
influenceofcold~workingonthecreeppropertiesofanailoycontaining
,. )
.
20percentcobalt,20percentchromium,20percentnickel,andthe
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.
balanceironandonthesamealloymqiifiedby smll additionsof
tungstenaloneortungsten,molylxienum,andcolumbiumincombination:
1.Theaqountofcoldreductionfofmximumcreepresistanceat
1200°F wasthesame- approximately25percent- forthebasealloy
thesamealloymodifiedby additionsoftungstenupto 6 percentor
3 percentmolybdenum,2 percentungsten,and1 percentcolumbiumin
combination.
7
and
2.Becausetheinternalstressesrepresentedby diffractionline
widthscontrolcreepproperties,itappearedfromstudiesofdiffraction
line~haweningthattheamount,ofcold-workingformaxinnmcreepresist-
anceat 1200°F wasthesameforalltheabovealloys- between15and
40percentreductionina~eementwiththeabovefinding.Reductioh
of@ percentorgreateresultedinappreciableinesha~eningor
internalstressrelaxationat 1200°F ofallthealloys,suchrelaxation
actingto lowerthecreepresistanceto thatforreductionsof
15percent.
.
3.Thecold-workedbasealloyandthecold-workedbaseafioywith
theabove-mentionedminoradditionsexhibitedthesamelinesharpening
. orinteknal-stress-relaxationcharacteristicsuponannealinginthe
rsage1200°to 1600°F fortimeperiodsrangingup’to1000hours.
4.It appearedfromthoselinewidthstudiesthatthema~
tempemtumatwhichcold-workingcanbe expectedto improvecreep
resistance,fortimeperiodsup to 1000hours,isthesameforallthe
alloys- approximately16000F.
5.Thesimilarityin line-shaq?eningcha&cteristicsandthe
similarityin optimumcoldreductionforcreepresistanceat 1200°F
forallthealloyscoveredherein.indicatedthatchanges
stress-relaxationcharacteristicsof suchallo~swillbe
ratherlargechangesinchemicalcompositionratherthan
changesin ccm@osition
UniversityofMichigan
AnnArbor,Mich.,
\
studiedherein.
.
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REDUCTIONl C&SSEGTION, PERC&#T
Effectofreductionat800F on creeprateof solution-
basealloy,modifiedas indicated,under~,000psiattreated
1200°F. ,.
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Fl@re 2.- Effect of tungsten on tree rate of solution-treatedand
cald-reducedbase alloy under k,,,, ,s, at mo F.
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[ Figure 3.- Effect of atiealing on [2N] line width of base alloy,
I nmdified as indicated, solution-tmated 1 hour at 2200° F and
reduced 15 percent et 89° F.
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Figure 4.- Effect of annealing on @x7J line width of ba6e alloy,
modified aa Indicated, eolution-treated1 hour at 2200° F.and
reduced k) ~rcent at ~“ F.
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